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Abstract 
This paper introduces two case studies of mapping hazardous state of land degradation appeared widely in Southeast Asian 
countries. One was a case for Keduang watershed in the upper stream of Wonogiri River in Central Java, Indonesia. The author 
developed a method to obtain 2.5 meters resolution landuse data by combination of Landsat/TM/ETM+ and 
ALOS/PRISM/AVNIR2 pan-sharpened data, which showed overall accuracy of 74.4% and 0.660 of kappa coefficient. This was 
converted to C factor of USLE equation and then multiplied by LS factor obtained from digital elevation data. This combined 
factor could depict detail distribution of hazardous area of soil erosion. Another case was for hilly land along Cagayan River in 
the Philippines. The author attempted to extract area suffered by gully erosion, which was ditch like feature presented on 
agricultural field, by using high spatial resolution satellite data. Edge enhancement of Sobel filter applied to WorldView 
panchromatic data was effective to screen candidate of gully erosion, only it remained falsely extracted area. Then he employed 
topographical and texture analysis to separate non-gully area from the candidate. As a result, 63.4% of gully was properly 
extracted by developed method. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Soil erosion is a phenomenon of deteriorating agricultural productivity of arable land by running off fertile top 
soil appeared widely in the world. There are several types of soil erosion by their morphological features and 
methods of assessment of hazardous state are independently developed. For the case of problem of loss of soil from 
agricultural field and resulting sedimentation in the lower part, areal estimation of hazardous state of soil erosion 
would be a key issue for assessment. On the other hand, for the case of problem of physical destruction of arable 
land such as development of gully erosion, present distribution of gully would be a significant target for assessment. 
The former case requires a set of geographical data, of which landuse information may be obtained from satellite 
remote sensing data. The latter case requires a specific technique to extract gully erosion from imagery taken from 
the upper air. In this paper, the author introduces two representative cases of assessment of hazardous state of soil 
erosion. 
2. Assessment of Soil Erosion in Watershed Level with High Spatial Resolution Landuse Data 
Many researches have adopted USLE type formula for estimation of soil erodability over wide target as 
application of GIS analysis. Among factors of USLE, C factor is strongly associated with landuse of which unit size 
is small and spatial distribution is highly heterogeneous. Therefore, in this study, the author attempted to produce 
2.5 meters resolution raster based landuse data, which would be adopted to USLE formula, for the site of Keduang 
watershed located in the upper stream of Solo River in Central Java. 
2.1. Materials and Methods 
In this study, satellite data of two platforms, Landsat and ALOS, were employed. Landsat data were used to 
extract paddy field area by the method mentioned below. ALOS data were transformed to pan-sharpened data and 
then used to discriminate another set of landuse, which would be combined with the result from Landsat data. 
The first process was to extract paddy field with spatial resolution of 30 meters from multi-temporal Landsat data. 
This method was based on characteristics that each landuse showed specific temporal change of land cover features 
and it could be estimated from the maximum value of indices which reflected surface conditions. Here, following 5 
indices were employed. 
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where NDBSI (Normalized Difference Bare Soil Index) and NDSI (Normalized Difference Soil Index) were 
represented surface condition on soil, NDVI (Normalized Difference Vegetation Index) was on vegetation and LSWI 
(Land Surface Water Index) and NDWI (Normalized Difference Water Index) were on water. Discrimination of 
paddy field, for example, where rice was planted at least once a year, was based on the concept that all the indices 
showed relatively high value because surface condition of paddy field was either open water at transplanting stage, 
vegetation at growing stage or bare soil at preparatory stage at some moment in a year and it could be detected by 
either Landsat scene. 
The second process was to discriminate landuse with spatial resolution of 2.5 meters from multi-temporal ALOS 
pan-sharpened data. Here, eight dimensional band data obtained from 2 temporal ALOS data was classified by 
ISODATA method and reclassify to categories as “agricultural field”, “mix vegetation”, “forest”, “bare land” or 
“water”. In this categorization, “agricultural field” was assumed to be composed of “paddy” and “upland”, of which 
trees were not presented in the field. Here, “paddy” could not be discriminated solely because observation date of 
ALOS data was limited in dry season. Category of “mix vegetation” represented a surface condition of mixture of 
tree and other materials, for example, sparsely planted trees in and around agricultural field, agro-forestry, home 
garden, and so on. Category of “forest” represented rather densely planted trees including area of plantation and 
bamboo or cluster of other miscellaneous vegetation. Category of “bare land” represented land without vegetation 
through the year, which included manmade structure such as houses or roads. After executing both process of 
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landuse discrimination, “paddy” area extracted from Landsat data was overlaid onto landuse obtained from ALOS 
data. Landuse data produced by this method was also used to provide C value used in USLE equation by referring to 
the instruction of Ministry of Forestry of Indonesia. 
 Topographic analysis was performed by using ASTER GDEM Version 2 data. Firstly original data of elevation 
given by 1 arc-second was geometrically transformed to the same geo-reference as ALOS pan-sharpened data and 
then it was modified by low pass filter sized 25 by 25. Stream lines and watershed boundaries of Keduang River and 
its tributaries were extracted by using Spatial Analyst tool of ArcGIS software. 
Topographic factor in USLE equation was represented by LS value. In this study, LS value was calculated by 
the following formula proposed by GeoInformation Science and Environmental Modeling group of the North 
Carolina State University (http://skagit.meas.ncsu.edu/~helena/). 
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where m and n are constant parameters typically given as a value of range 0.4 to 0.6 and 1.0 to 1.4, respectively. 
Then, we set m and n as 0.5 and 1.2 in this case. FlowAccumulation was provided by the process of Spatial Analyst 
of ArcGIS and resolution was 2.5 meters and T  was slope angle calculated from digital elevation data. 
 
2.2. Production of Landuse Data 
Figure 1 shows discriminated landuse of Keduang watershed by using multi-temporal Landsat and ALOS data. 
This figure depicts distributional characteristics of landuse as that “paddy” tends to present middle course of the 
watershed and “upland” tends to present lower course. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Accuracy assessment of landuse classification developed in this study was performed by comparison with 
interpreted landuse type from QuickBird imagery. It was noticed that user’s accuracy was sufficiently high for 
“paddy” and “mix vegetation” and producer’s accuracy was high for “upland”, “forest” and “bare land”. By 
considering about complexity of morphological feature as well as cropping pattern in agricultural area, which might 
include house gardens, the resulting overall accuracy of 74.4% and kappa coefficient of 0.660 attained by spatial 
resolution of 2.5 meters were sufficiently high for assessment of land cover condition affecting hazardous risk of 
soil erosion. 
Fig. 1. Landuse obtained from Landsat and ALOS data 
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2.3. Spatial Distribution of LS x C Value 
Multiplication of C value obtained from landuse classification data by LS value obtained from elevation data 
could be an indicator of hazardous condition of land for soil erosion. Figure 2 shows the distribution of summation 
of multiplication by using unit of small watershed, where value was divided by 10,000. High value area in Figure 2 
was potentially high level of soil loss from land of the area and it was distributed widely in various parts, which 
were not only in steep mountainous area. This figure would support to suggest priority of introducing soil 
conservation program by way of ranking process of the value. We could identify a part consisted of 2 adjoining 
watershed units of which value were comparatively high in northern part of site and this part might be one of the 
most priority site to introduce conservation practice of soil. Figure 3 shows the part and surroundings with 
overlaying multiplication value on QuickBird imagery. This image provides detail spatial distribution of highly 
hazardous area of soil erosion, which could be identifies the location at field level observation. 
3. Extraction of Gully Eroded Area using High Spatial Resolution Satellite Data 
Gully erosion shows ditch like feature appeared on top soil layer caused by interaction between soil and water, 
and it could be an obstacle for cultivating activities. In order to grasp spatial distribution of gully eroded area, 
satellite remote sensing come to be recognized as promising source in recent years. However, methodology of 
extraction of gully from satellite remote sensing data has not yet been developed as practical level. This study, then, 
attempted to develop a method for the case study of hilly part along Cagayan River in the Luzon Island of the 
Philippines. 
3.1. Materials and Methods 
Satellite data used in this study were WorldView1 data observed on October 23, 2011with spatial resolution of 
0.5 meter and 3 scenes of ALOS/AVNIR2 data observed in 2010. Additionally digital elevation data of 
ASTER/GDEM2 was employed to characterize topographic conditions. Flow of extracting gully affected area is 
shown in Figure 4. This flow consists of the following schemes; 1) after noise reduction by Median filtering, edge 
enhancement was performed with Sobel filter for WorldView1 data, 2) edge feature along slope line was enhanced 
in consideration with slope orientation, 3) removal parts such as road, line of trees, construction, path in the field, 
residue of crops were identified by using texture operations obtained from Grey Level Co-occurrence Matrix 
(GLCM), 4) forest area to be removed was identified by the method that minimum value of NDVI for multi-
temporal ALOS data exceeded a certain level, and 5) edge enhanced data and removed parts were overlaid so as to 
extract gully affected area. 
Fig. 2. Distribution of LS x C value Fig. 3. Distribution of hazardous condition displayed on QB imagery 
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3.2. Extracted Gully Erosion 
Figure 5 shows the result of extraction of gully affected area overlaid on WorldView imagery. Accuracy of 
extraction of gully was verified by the method of comparing with ground surveyed data by Bureau of Soil and Water 
Management (BSWM) of the Philippines.  BSWM picked up 10 gullies, of which each gully had several tributaries, 
from the site and measured location and morphological characteristics of these gullies. Level of matching of 
extracted gully from satellite data with surveyed one was quantified by using 4 interpreted ranks, i.e. more than 80%, 
50-80%, 20-50%, less than 20%, which was given score as 90,65,35,10, respectively. As a result, averaged value of 
matching of extracted gully was 63.4%. Low accuracy parts tended to appear in case that ground was not completely 
exposed by bare soil and also that specific slope orientation affected to make lower contrast of brightness for 
shadow and shiny part of gully. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Result of extraction of gully affected area 
Fig. 4. Flow of extraction of gully affected area 
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4. Conclusion 
In this paper, the author demonstrate two case studies of mapping hazardous state of land degradation suffered by 
different type of soil erosion, which was employed satellite remote sensing data as major source of spatial 
information. The significant advantages of employing satellite data for these cases are capability of mapping 
hazardous state seamlessly and monitoring the change repeatedly without inputting high amount of budget and 
manpower. Furthermore, produced output is normally arranged as GIS friendly data and can be used to various types 
of applications such as landuse planning. Land degradation especially on agricultural field is common problem 
relating to food security among many countries. It is therefore more efforts of promotion of communication among 
remote sensing society internationally would be indispensable. 
